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Abstract: 

The present Invention rebates to an automata programming and simulation apparatus 
which can easily modify an automatically created NC program and start a machining 
simulation from a modified portion of the NC program. The automatic programming and 
simulation apparatus comprises: an automatic programming section (10) Including an NC 

program converting section (18) for creating an NC program on the basis of product 
configuration data and the like, and an Interactive Inputting/editing section (11) adapted 
to receive an mput of the product configuration data and the like and to allow for edit of 
the data; and a simulation section (20) Including an Image data generating sectson (21) 
for successively generating pixel data Indicative of a tool configuration and a workplace 
configuration on the basis of the NC program, and a graphsc section (25) for displaying 
the tool configuration and the workplace configuration on a display device (31) on the 

basis of the generated pixel data. 
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(54) Automatic programming and simulation apparatus 



(57) The present invention relates to an automatic 
programming and simulation apparatus which can eas- 
ily modify an automatically created NC program and 
start a machining simulation from a modified portion of 
the NC program. The automatic programming and sim- 
ulation apparatus comprises: an automatic program- 
ming section (10) including an NC program converting 
section (1 6) for creating an NC program on the basis of 
product configuration data and the like, and an interac- 
tive inputting/editing section (11) adapted to receive an 
input of the product configuration data and the like and 
to allowfor edit of the data; and a simulation section (20) 
including an image data generating section (21 ) for suc- 
cessively generating pixel data indicative of a tool con- 
figuration and a workpiece configuration on the basis of 
the NC program, and a graphic section (25) for display- 
ing the tool configuration and the workpiece configura- 
tion on a display device (31) on the basis of the gener- 
ated pixel data. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an automatic 
programming and simulation apparatus for automatical- 
ly creating an NC program on the basis of product con- 
figuration data, workpiece configuration data, tool con- 
figuration data and cutting condition data for each blank 
material and for each tool, and then simulating a ma- 
chining operation according to the NC program by ana- 
lyzing the NC program and displaying a tool image and 
a workpiece image on a display device so as to check 
the movement and machining state of a tool on the dis- 
play device. 

Description of the Prior Art 

[0002] The operation of an NC machine tool is gener- 
ally controlled in accordance with an NC program. It is 
a conventional practice to manually create the NC pro- 
gram by a programmer but, nowadays, an automatic 
programming apparatus is employed for automatic pro- 
gramming. The automatic programming apparatus in- 
cludes a storage section storing therein product config- 
uration data, workpiece configuration data, tool config- 
uration data and cutting condition data for each blank 
material and for each tool, and is adapted to generate 
programming base data by automatically determining a 
tool to be used, cutting conditions and a machining se- 
quence on the basis of the data and to create the NC 
program on the basis of the programming base data. 
The product configuration data, the workpiece configu- 
ration data, the tool configuration data, the cutting con- 
dition data and the like may interactively be inputted. 
The programming base data includes a machining proc- 
ess number, dimensional data (including positional da- 
ta) for a workpiece portion to be machined in the ma- 
chining process, to-be-used tool data and cutting con- 
dition data which are correlated with each other. 
[0003] In general, it is necessary to check if tool paths 
and machining conditions are properly defined by the 
NC program thus created before a machining operation 
is performed with the use of the NC program. Conven- 
tionally known as an apparatus for performing the afore- 
said checking operation is a simulation apparatus for 
simulating a machining operation according to an NC 
program including consecutive machining processes 
each constituted by one or more execution blocks by 
displaying the configuration of a tool and the configura- 
tion of a workpiece on a display device and successively 
changing the tool configuration and the workpiece con- 
figuration on the display device in accordance with the 
NC program so as to check the movement and machin- 
ing state of the tool on the display device. 
[0004] The simulation apparatus analyzes each of the 



execution blocks of the NC program. Then, the appara- 
tus successively generates pixel data indicative of the 
tool configuration and the workpiece configuration for 
the respective blocks on the basis of preliminarily input- 

5 ted tool configuration data and workpiece configuration 
data, and displays the tool configuration and the work- 
piece configuration on the display device on the basis 
of the pixel data thus generated. 
[0005] As is conventionally known , the automatic pro- 

10 gramming apparatus and the simulation apparatus are 
combined into an automatic programming and simula- 
tion apparatus, which is adapted to automatically create 
an NC program by means of the automatic programming 
apparatus, and then simulating a machining operation 

15 in accordance with the NC program by means of the sim- 
ulation apparatus. In general, the automatic program- 
ming and simulation apparatus is switched to perform 
the automatic programming process or the simulation 
process. In the automatic programming process, the da- 

20 ta can interactively be inputted, and the data stored in 
the storage section and the programming data can in- 
teractively be edited. 

[0006] Where the simulation indicates a need for 
modification of the NC program in the conventional au- 

25 tomatic programming and simulation apparatus, howev- 
er, the modification of the NC program is achieved by 
manually switching the apparatus to the automatic pro- 
gramming process and then retrieving and editing a part 
of the programming data to be modified. This operation 

30 is troublesome, making it impossible to speedily modify 
the NC program. 

[0007] Where the NC program is modified, the ma- 
chining simulation should be performed again fora mod- 
ified execution block of the NC program and blocks sub- 

35 sequent thereto to check if the NC program properly 
works. However, the conventional automatic program- 
ming and simulation apparatus is adapted to start ana- 
lyzing the NC program from the first execution block 
thereof forthe simulation and, therefore, cannot startthe 

40 simulation from the modified execution block. This re- 
quires much time for checking the NC program after the 
modification. 

[0008] In view of the foregoing, it is an object of the 
present invention to provide an automatic programming 
45 and simulation apparatus which can easily modify an 
automatically created NC program and startthe machin- 
ing simulation from a modified execution block of the NC 
program. 

50 SUMMARY OF THE INVENTION 

[0009] In accordance with the present invention to 
achieve the aforesaid object, there is provided an auto- 
matic programming and simulation apparatus compris- 
es jng: a display device having an image displaying func- 
tion; an inputting device having a data inputting function; 
an automatic programming section comprising a prod- 
uct configuration data storage section for storing therein 
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product configuration data, a workpiece configuration 
data storage section for storing therein workpiece con- 
figuration data, a tool file for storing therein tool config- 
uration data, a cutting condition file for storing therein 
cutting condition data for each blank material and for 
each tool, an interactive inputting/editing section which 
stores product configuration data, workpiece configura- 
tion data, tool data and cutting condition data interac- 
tively inputted from the display device and the inputting 
device in the product configuration data storage section, 
the workpiece configuration data storage section, the 
tool file and the cutting condition file, respectively, upon 
reception of the inputted data to allow for edit of the data 
stored in the product configuration data storage section, 
the workpiece configuration data storage section, the 
tool file and the cutting condition file and generates pro- 
gramming base data on the basis of the data stored in 
the product configuration data storage section, the 
workpiece configuration data storage section, the tool 
file and the cutting condition file, an NC program con- 
verting section which creates an NC program on the ba- 
sis of the programming base data generated by the in- 
teractive inputting/editing section, and an NC program 
storage section for storing therein the NC program; and 
a simulation section comprising an image data generat- 
ing section which reads the NC program from the NC 
program storage section for successively analyzing ex- 
ecution blocks of the NC program and successively gen- 
erates pixel data indicative of a tool configuration and a 
workpiece configuration for the respective execution 
blocks, and a graphic section which displays the tool 
configuration and the workpiece configuration on the 
display device on the basis of the pixel data generated 
by the image data generating section; wherein the dis- 
play device and the inputting device constitutes a func- 
tional section having a coordinate inputting function to 
input a coordinate position on a screen image displayed 
on the display device; wherein the image data generat- 
ing section generates image data including pixel data 
updated from pixel data generated at the end of each 
machining process and process specification informa- 
tion specifying the corresponding machining process; 
wherein the simulation section comprises a data edit 
transition section which receives the coordinate position 
inputted on the screen image displayed on the display 
device by means of the inputting device and the display 
device to detect process specification information relat- 
ed to a pixel corresponding to the inputted coordinate 
position on the basis of the inputted coordinate position 
and image data generated by the image data generating 
section and serving as the base of a currently displayed 
image and transmits the detected process specification 
information to the interactive inputting/editing section to 
cause the interactive inputting/editing section to perform 
a data editing operation for a machining process spec- 
ified by the process specification information received 
by the interactive inputting/editing section. 
[0010] With this arrangement, the interactive input- 



ting/editing section of the automatic programming sec- 
tion receives product configuration data, workpiece con- 
figuration data, tool configuration data and cutting con- 
dition data inputted thereto, which are in turn stored in 

5 the product configuration data storage section, the 
workpiece configuration data storage section, the tool 
file and the cutting condition file, respectively. Then, the 
interactive inputting/editing section generates program- 
ming base data on the basis of the data stored in the 

10 product configuration data storage section, the work- 
piece configuration data storage section, the cutting 
condition file and the tool file, and the NC program con- 
verting section creates an NC program on the basis of 
the programming base data. Then, the NC program thus 

15 created is stored in the NC program storage section. 
The programming base data includes a machining proc- 
ess number, dimensional data (including positional da- 
ta) for a workpiece portion to be machined in the ma- 
chining process, to-be-used tool data and cutting con- 

20 dition data which are correlated with each other. 

[001 1 ] The image data generating section of the sim- 
ulation section successively analyzes execution blocks 
of the NC program stored in the NC program storage 
section, and successively generates pixel data indica- 

25 tive of the tool configuration and the workpiece config- 
uration for the respective execution blocks. Then, the 
graphic section displays the tool configuration and the 
workpiece configuration on the display device on the ba- 
sis of the pixel data thus generated. 

30 [0012] Further, the image data generating section 
generates image data including pixel data updated from 
pixel data generated at the end of each machining proc- 
ess and process specification information specifying the 
corresponding machining process. More specifically, 

35 pixel data generated for the first machining process is 
correlated with information (process specification infor- 
mation) specifying the first machining process and, 
thereafter, the pixel data is replaced with pixel data up- 
dated by sequentially analyzing the NC program. Forthe 

40 pixel data updated from the pixel data generated at the 
end of the machining process, the process specification 
information is updated with process specification infor- 
mation specifying the machining process. 
[0013] When a coordinate position of a particular 

45 workpiece portion requiring modification of a machining 
process of the NC program is inputted on a screen im- 
age displayed on the display device by means of the 
inputting device and the display device, the data edit 
transition section detects the inputted coordinate posi- 

50 tion, and detects process specification information re- 
lated to a pixel corresponding to the coordinate position 
in image data serving as the base of the currently dis- 
played image . Then, the data edit transition section 
transmits the detected process specification information 

55 to the interactive inputting/editing section. The interac- 
tive inputting/editing section allows for edit of tool data 
and cutting condition data related to a machining proc- 
ess specified by the process specification information 
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transmitted thereto. In the data editing operation, the 
programming base data is edited for modification of the 
product configuration data, the workpiece configuration 
data, the to-be-used tool data and the cutting condition 
data. Then, the NC program is re-created on the basis 
of the modified data. 

[001 4] Thus, the automatic programming and simula- 
tion apparatus can automatically detect a machining 
process related to a workpiece portion requiring modifi- 
cation of the NC program simply by designating the 
workpiece portion on a screen image displayed on the 
display device during the simulation, and edit tool data 
and cutting condition data relatedtothe machining proc- 
ess. Therefore, the automatically created NC program 
can be modified and changed very speedily. 
[0015] In the automatic programming and simulation 
apparatus, the simulation section may comprise a proc- 
ess image data storage section for storing therein the 
image data generated at the end of each machining 
process by the image data generating section, and the 
image data generating section may further be adapted 
to store the image data generated at the end of each 
machining process in the process image data storage 
section, to detect the coordinate position inputted from 
the display device and the inputting device, to detect 
process specification information related to a pixel cor- 
responding to the detected coordinate position in image 
data serving as the base of a currently displayed image, 
to read image data generated at the end of a machining 
process precedent to the detected machining process 
from the process image data storage section to cause 
the graphic section to display the tool configuration and 
the workpiece configuration on the display device on the 
basis of the read image data, and to successively re- 
generate image data for the detected machining proc- 
ess and machining processes subsequent thereto to 
cause the graphic section to display the tool configura- 
tion and the workpiece configuration on the display de- 
vice on the basis of the re-generated image data. 
[0016] In the automatic programming and simulation 
apparatus, when a coordinate position of a particular 
workpiece portion to be machined in accordance with a 
modified machining process of the NC program is input- 
ted on a screen image displayed on the display device 
by means of the inputting device and the display device, 
for example, the image data generating section detects 
the coordinate position, and detects process specifica- 
tion information related to a pixel corresponding to the 
coordinate position in image data serving as the base 
of the currently displayed image. Then, the image data 
generating section reads image data generated at the 
end of a machining process precedent to the detected 
machining process from the process image data storage 
section to cause the graphic section to display the tool 
configuration and the workpiece configuration on the 
display device on the basis of the read image data, and 
successively re-generates image data for the detected 
machining process and the machining processes sub- 



sequent thereto to cause the graphic section to display 
the tool configuration and the workpiece configuration 
on the display device on the basis of the re-generated 
image data. 

5 [0017] Thus, the automatic programming and simula- 
tion apparatus can restartthe machining simulation from 
an intermediate machining process (execution block) of 
the NC program. Where the NC program is modified, 
the simulation for a modified execution block and blocks 

10 subsequent thereto can be started from the modified 
block. Therefore, the apparatus can check the modified 
NC program in ashortertime. Since the machining proc- 
ess to be subjected to the re-simulation can easily be 
designated on a screen image displayed on the display 

15 device, the re-simulation can rapidly be performed. 
[0018] The pixel data herein termed is intended to in- 
clude positional data, color data and the like for each 
pixel. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a block diagram schematically illustrating 
25 the construction of an automatic programming and 
simulation apparatus according to one embodiment 
of the present invention; 

Fig. 2 is a flow chart for explaining a process to be 
performed by an image data generating section ac- 

30 cording to the embodiment; 

Fig. 3 is a flow chart for explaining the process to 
be performed by the image data generating section 
according to the embodiment; 
Fig. 4 is a flow chart for explaining the process to 

35 be performed by the image data generating section 
according to the embodiment; 
Fig. 5 is a diagram illustrating an exemplary screen 
image to be displayed on a display device in accord- 
ance with the embodiment; 

40 Fig. 6 is a diagram illustrating another exemplary 
screen image to be displayed on the display device 
in accordance with the embodiment; 
Fig. 7 is a diagram illustrating further another exem- 
plary screen image to be displayed on the display 

45 device in accordance with the embodiment; 

Fig. 8 is a diagram illustrating still another exempla- 
ry screen image to be displayed on the display de- 
vice in accordance with the embodiment; and 
Fig. 9 is a diagram illustrating further another exem- 

50 piary screen image to be displayed on the display 
device in accordance with the embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 [0020] With reference to the attached drawings, the 
present invention will hereinafter be described by way 
of a specific embodiment thereof. Fig. 1 is a block dia- 
gram schematically illustrating the construction of an au- 



Patent provided by Sughni&^Eon, PLLC - iittp://www.sughrue,com 



7 



EP 1 189 123 A2 



8 



tomatic programming and simulation apparatus accord- 
ing to the embodiment of the present invention. 
[0021] As shown in Fig. 1 , the automatic programming 
and simulation apparatus 1 according to this embodi- 
ment includes an interactive automatic programming 
section 10 and a graphic simulation section 20 which 
are constituted by a CPU and storage devices such as 
a ROM, a RAM and a hard disk, a display device 31 such 
as a CRT, and an inputting device 32 such as a mouse 
and a keyboard. The apparatus 1 further includes a pe- 
ripheral device 30 for inputting a coordinate position on 
a screen image displayed on the display device 31 . The 
respective components will be described below in detail. 

A. Interactive automatic programming section 

[0022] The interactive automatic programming sec- 
tion 10 includes processing sections such as an inter- 
active inputting/editing section 11 and an NC program 
converting section 16, and storage sections such as a 
product configuration data storage section 12, a cutting 
condition data storage section 1 3, a cutting condition file 
13a, a tool data storage section 14. a tool file 14a, a 
workpiece configuration data storage section 15, an NC 
program storage section 1 7 and a machining sequence 
data storage section 1 8. 

[0023] The interactive inputting/editing section 11 re- 
ceives product configuration data including dimensional 
data of a product and workpiece configuration data in- 
cluding dimensional data of a workpiece interactively in- 
putted from the display device 31 and the inputting de- 
vice 32, and stores the product configuration data and 
the workpiece configuration data thus received in the 
product configuration data storage section 1 2 and in the 
workpiece configuration data storage section 15, re- 
spectively. Tool data including dimensional data of tools 
is stored in the tool file 14a, and cutting condition data 
for each blank material and for each tool is stored in the 
cutting condition file 13a. The interactive inputting/edit- 
ing section 11 allows for interactive edit (addition, mod- 
ification and deletion) of data stored in the tool file 14a 
and the cutting condition file 13a by means of the display 
device 31 and the inputting device 32. 
[0024] Further, the interactive inputting/editing sec- 
tion 11 automatically determines a tool to be used, cut- 
ting conditions and a machining sequence on the basis 
of the data stored in the product configuration data stor- 
age section 12, the workpiece configuration data stor- 
age section 1 5, the cutting condition file 1 3a and the tool 
file 1 4a, and stores the to-be-used tool data, the cutting 
condition data and the machining sequence data thus 
determined in the tool data storage section 14, in the 
cutting condition data storage section 1 3 and in the ma- 
chining sequence data storage section 1 8, respectively. 
In this embodiment, a sequence of machining process- 
es for machining respective workpiece portions is deter- 
mined on the basis of the product configuration data, 
and sequence numbers (process numbers) are respec- 



tively assigned to the machining processes to be each 
performed with the use of a single tool. Then, the ma- 
chining sequence data is generated, which indicates a 
correlation between each of the sequence numbers and 

5 the data of each of the workpiece portions to be ma- 
chined. The data stored in the product configuration da- 
ta storage section 12, the workpiece configuration data 
storage section 15, the tool data storage section 1 4, the 
cutting condition data storage section 13 and the ma- 

10 chining sequence data storage section 1 8 will hereinaf- 
ter be referred to collectively as "programming base da- 
ta". 

[0025] The interactive inputting/editing section 11 re- 
ceives a program conversion enabling signal inputted 
15 from the inputting section 32, and transmits the received 
enabling signal to the NC program converting section 
16. 

[0026] Upon reception of the enabling signal from the 
interactive inputting/editing section 11 , the NC program 

20 converting section 16 performs an automatic NC pro- 
gram creating operation. More specifically, the NC pro- 
gram converting section 1 6 automatically creates an NC 
program on the basis of the programming base data 
stored in the product configuration data storage section 

25 12, the workpiece configuration data storage section 15, 
the tool data storage section 14, the cutting condition 
data storage section 13 and the machining sequence 
data storage section 18, and stores the created NC pro- 
gram in the NC program storage section 1 7. 

30 [0027] Further, the interactive inputting/editing sec- 
tion 1 1 is further adapted to receive a sequence number 
indicative of a specific machining process from a data 
edit transition section 29 (to be described later), and re- 
trieve programming base data from the product config- 

35 uration data storage section 1 2, the workpiece configu- 
ration data storage section 15, the tool data storage sec- 
tion 14, thecutting condition data storage section 13 and 
the machining sequence data storage section 1 8 on the 
basis of the received sequence number, so that the re- 

40 trieved programming base data can interactively be ed- 
ited by means of the display device 31 and the inputting 
device 32. Upon completion of the editing operation, the 
data stored in the product configuration data storage 
section 12. thecutting condition data storage section 13, 

45 the tool data storage section 1 4 and the workpiece con- 
figuration data storage section 15 is updated with the 
edited data. When the data is thus edited, the NC pro- 
gram converting section 16 re-creates the NC program 
in the aforesaid manner on the basis of the edited data. 

50 

B. Graphic simulation section 

[0028] The graphic simulation section 20 includes 
processing sections such as an image data generating 
55 section 21 , a graphic section 25 and the data edit tran- 
sition section 29, and storage sections such as a proc- 
ess image data storage section 27 and a block image 
data storage section 28. 
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[0029] The image data generating section 21 reads 
the NC program from the NC program storage section 
17 to successively analyze execution blocks of the NC 
program, and reads the tool configuration data and the 
workpiece configuration data for each of the execution 
blocks from the tool data storage section 14 and from 
the workpiece configuration data storage section 15, re- 
spectively, as required to successively generate pixel 
data indicative of the tool configuration and the work- 
piece configuration for each of the execution blocks on 
the basis of the read data and the results of the analysis. 
The pixel data includes positional data and color data 
for each pixel. 

[0030] The image data generating section 21 gener- 
ates image data including pixel data updated from the 
pixel data generated for each of the execution blocks 
and process specification information (sequence 
number) specifying a machining process to which the 
corresponding execution block belongs, and stores the 
generated image data in the process image data stor- 
age section 27. More specifically, pixel data generated 
in the first machining process of the NC program is 
stored along with a sequence number specifying thefirst 
machining process in the process image data storage 
section 27 and, thereafter, the pixel data in the process 
image data storage section 27 is replaced with pixel data 
updated by sequentially analyzing the NC program. For 
pixel data updated from the pixel data generated at the 
end of an execution block in a machining process, the 
sequence number is updated with a sequence number 
specifying the machining process, and image data thus 
generated at the end of the machining process is stored 
in the process image data storage section 27 as de- 
scribed above. 

[0031 ] The pixel data thus generated is transmitted to 
the graphic section 25, which in turn displays a tool im- 
age and a workpiece image on the display device 31 on 
the basis of the pixel data. Exemplary simulation screen 
images to be displayed on the display device 31 are 
shown in Figs. 5 to 7. In Figs. 5 to 7, reference numerals 
41 , 42, 43 and 44 denote a region in which a simulation 
image is displayed, a region in which current parameters 
for a tool are displayed, a region in which the NC pro- 
gram is displayed, and a region in which soft keys are 
displayed, respectively. Figs. 5 to 7 illustrate simulation 
images for a drilling process, which proceeds in the or- 
der shown in Figs. 5 to 7. 

[0032] Further, the image data generating section 21 
receives a coordinate position inputted via the graphic 
section 25 by means of a coordinate inputting device 
constituted by the display device 31 and the inputting 
device 32, and detects a sequence number related to a 
pixel corresponding to the inputted coordinate position 
in image data serving as the base of a currently dis- 
played image. The image data generating section 21 
reads image data generated at the end of a machining 
process having a sequence number precedent to the 
detected sequence number from the process image da- 



ta storage section 27 to cause the graphic section 25 to 
display the tool image and the workpiece image on the 
display device 31 on the basis of the read image data, 
and re-generates pixel data for the detected machining 

5 process and machining processes subsequent thereto 
to cause the graphic section 25 to display the tool image 
and the workpiece image on the display device 31 on 
the basis of the re-generated pixel data. In other words, 
the image data generating section 21 receives an input 

10 indicative of a specific coordinate position (machining 
position) on a screen image displayed on the display de- 
vice 31 , detects a machining process related to the ma- 
chining position, and performs the simulation again for 
the detected machining process and machining proo- 
fs esses subsequent thereto. 

[0033] Further, the image data generating section 21 
stores image data generated at the end of each of the 
execution blocks in the block image data storage section 
28. The block image data storage section 28 is capable 

20 of storing image data for the latest several dozens of 
execution blocks. The image data generating section 21 
receives a block back command inputted via the graphic 
section 25 from the display device 31 and the inputting 
device 32, and reads pixel data for a precedent execu- 

25 tion block from the block image data storage section 28 
to cause the graphic section 25 to display the tool image 
and the workpiece image for the precedent execution 
block on the display device 31 on the basis of the read 
pixel data. The block back operation may be performed 

30 repeatedly but not only once, so that all the pixel data 
stored for the latest execution blocks in the block image 
data storage section 28 can retrospectively be reviewed 
by the block back operation performed in response to 
the block back command. 

35 [0034] The data edit transition section 29 receives a 
specific coordinate position (machining position) on a 
screen image displayed on the display device 31 and a 
command for jumping to an edit screen which are input- 
ted via the graphic section 25 by means of the display 

40 device 31 and the inputting device 32, and obtains a se- 
quence number related to a pixel corresponding to the 
inputted coordinate position (machining position) from 
the image data generating section 21 having image data 
serving as the base of the currently displayed screen 

45 image to transmit the sequence number to the interac- 
tive inputting/editing section 11 . 

[0035] When the sequence number is transmitted 
from the data edit transition section 29 to the interactive 
inputting/editing section 11 , the interactive inputting/ed- 

50 jting section 11 retrieves programming base data from 
the product configuration data storage section 12, the 
workpiece configuration data storage section 15. the 
tool data storage section 14, the cutting condition data 
storage section 13 and the machining sequence data 

55 storage section 18 on the basis of the received se- 
quence number as described above, allowing for inter- 
active editing of the retrieved programming base data 
through the display device 31 and the inputting device 



Patent provided by SughniegflEon, PLLC - iittp://www.sughrue,com 



11 



EP 1 189 123 A2 



12 



32. 

[0036] More specifically, auserturnson an "EDIT PO- 
SITION DESIGNATION" soft key on a screen image dis- 
played on the display device 31 , and then points a spe- 
cific workpiece portion (a drilling position) to be modified 
with a mouse cursor and clicks on it to input a coordinate 
position as shown in Fig. 8. The coordinate position is 
inputted to the data edit transition section 29 via the 
graphic section 25. The data edit transition section 29 
obtains a sequence number related to a pixel corre- 
sponding to the inputted coordinate position (machining 
position) from the image data generating section 21 . and 
transmits the sequence number to the interactive input- 
ting/editing section 11. The interactive inputting/editing 
section 11 performs the aforesaid operation to display 
an edit screen (a drilling process edit screen) as shown 
in Fig. 9 on the display device 31 . Then, the pitch circle 
diameter and position of a hole, for example, are 
changed on the displayed edit screen. 
[0037] Upon completion of the editing operation, the 
data stored in the product configuration data storage 
section 1 2, the cutting condition data storage section 1 3, 
the tool data storage section 1 4 and the workpiece con- 
figuration data storage section 15 is updated with the 
modified data. Then, the NC program converting section 
1 6 re-creates the NC program on the basis of the edited 
data. 

[0038] With reference to Figs. 2 to 4, an explanation 
will be given to the process to be performed by the image 
data generating section 21 . 

[0039] As shown in Fig. 2, the image data generating 
section 21 checks if a re-simulation request is inputted 
from the display device 31 and the inputting device 32 
(Step S1). In the case of the first simulation, the process 
goes to Step S2. In the case of the re-simulation, the 
process goes to Step S22 in Routine® shown in Fig. 4. 
[0040] For the first simulation, data of a workpiece 
configuration and the like is read out of the workpiece 
configuration data storage section 1 5 (Step S2), and da- 
ta of a tool configuration and the like is read out of the 
tool data storage section 14 (Step S3). Then, pixel data 
for a workpiece image is generated on the basis of the 
workpiece configuration data (Step S4). The pixel data 
thus generated is transmitted to the graphic section 25, 
which in turn displays the workpiece image on the dis- 
play device 31 . 

[0041] Subsequently, a counter n is set at 1 (StepS5), 
and an n-th execution block (n: a positive integer) of the 
NC program is read in (Step S6) and analyzed (Step 

57) . Then, process information (sequence number and 
the like) is obtained from the results of the analysis (Step 

58) , and it is judged on the basis of the process infor- 
mation whether or not the n-th block is the last block in 
the machining process (Step S9). 

[0042] If it is judged in Step S9 that the n-th block is 
not the last block, information on a tool to be used in the 
block is obtained (Step 10). If it is judged that the n-th 
block is the last block, image data generated at the end 



of the block is stored in the process image data storage 
section 27 (Step S18), and then the process goes to 
Step S10. 

[0043] Pixel data for a tool image is generated on the 
5 basis of the tool information thus obtained and the tool 
configuration data read in Step S3 (Step S11). The pixel 
data thus generated is transmitted to the graphic section 
25, which in turn displays the tool image on the display 
device 31 . 

10 [0044] Information on a tool destination and a tool 
feed rate is obtained from the results of the analysis per- 
formed in Step S7, and the traveling positions of the tool 
at predetermined sampling time points are determined. 
Pixel data is generated which represents sequential 

15 movement of the tool to the tool traveling positions from 
a position indicated in the tool image obtained in Step 
S11 (Step S13). Where the tool configuration moves 
over the workpiece configuration, pixel data is generat- 
ed which represents removal of an overlap between the 

20 tool configuration and the workpiece configuration. The 
pixel data thus generated is transmitted to the graphic 
section 25 ; which in turn displays images of the traveling 
tool and the workpiece cut by the tool on the display de- 
vice 31 . 

25 [0045] Where the pixel data on the workpiece config- 
uration includes pixel data updated in the execution 
block in Step S13, i.e., where there is pixel data updated 
to represent the removal of the overlap between the 
workpiece configuration and the tool configuration 

30 traveling over the workpiece configuration, image data 
including the updated pixel data and a sequence 
number of the machining process to which the block be- 
longs is generated, and stored in the block image data 
storage section 28. 

35 [0046] Next, it is checked if a block back request is 
inputted from the display device 31 and the inputting de- 
vice 32 (Step S16). If there is no request, it is checked 
if the NC program ends (Step S1 7). If the NC program 
does not end, the counter n is incremented by one (Step 

40 S21 ), and then the process returns to Step S6 for repe- 
tition of the previous operation. If the NC program ends, 
the process ends. On the other hand, if there is the block 
back request in Step S1 6, the counter n is decremented 
by one (Step S1 9), and image data for a precedent block 

45 is read out of the block image data storage section 28 
(Step S20). The read image data is transmitted to the 
graphic section 25, which in turn displays the tool image 
and the workpiece image on the display device 31 on 
the basis of the read image data. Then, the process 

50 goes to Step S 16. 

[0047] Where there is the re-simulation request in 
Step S1 , the process goes to Step S22 in Routine @ 
shown in Fig. 4. That is, a coordinate position is inputted 
from the coordinate inputting device constituted by the 

55 display device 31 and the inputting device 32, and a se- 
quence number (process information) related to a pixel 
corresponding to the inputted coordinate position is de- 
tected in image data serving as the base of a screen 
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image currently displayed on the display device 31 (Step 
S22). Image data generated at the end of a machining 
process having a sequence number precedent to the 
detected sequence number is read out of the process 
image data storage section 27 (Step S23). The read im- 
age data is transmitted to the graphic section 25, which 
in turn displays the tool image and the workpiece image 
on the display device 31 on the basis of the read image 
data. Then, the counter n is updated from the last block 
number in the machining process having the detected 
sequence number (Step S24), and the process goes to 
Step S6 for the re-simulation. 

[0048] As described above in detail, where the simu- 
lation indicates a need for modification of the NC pro- 
gram, the automatic programming and simulation appa- 
ratus 1 according to this embodiment can automatically 
detect a machining process related to a workpiece por- 
tion requiring the modification of the NC program simply 
by designating the workpiece portion on a screen image 
displayed on the display device 31 duringthesimulation, 
and edit tool data and cutting condition data related to 
the machining process. Therefore, the automatically 
created NC program can be modified and changed very 
speedily. 

[0049] Further, the automatic programming and sim- 
ulation apparatus 1 can restart the machining simulation 
from an intermediate machining process (execution 
block) of the NC program. Where the NC program is 
modified in the aforesaid manner, the re-simulation for 
a modified execution block and blocks subsequent 
thereto can be started from the modified block. There- 
fore, the apparatus can checkthe modified NC program 
in ashortertime. Since the machining process to besub- 
jected to the re-simulation, i.e., the workpiece portion 
related to the modified execution block of the NC pro- 
gram, can easily be designated on a screen image dis- 
played on the display device 31 . the re-simulation can 
rapidly be performed. 

[0050] By inputting a back command from the display 
device 31 and the inputting device 32, a screen image 
including a tool image and a workpiece image for a prec- 
edent block can retrospectively be displayed on the dis- 
play device 31 . Where a machining state simulated ac- 
cording to an intended execution block of the NC pro- 
gram cannot satisfactorily be checked during the simu- 
lation, the machining state can retrospectively be 
checked. Thus, the machining state can highly accu- 
rately be checked. 



Claims 

1 . An automatic programming and simulation appara- 
tus comprising: 

a display device (31) having an image display- 
ing function; 

an inputting device (32) having a data inputting 
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function; 

an automatic programming section (10) com- 
prising a product configuration data storage 
section (12) for storing therein product config- 

5 u ration data, a workpiece configuration data 

storage section (15) for storing therein work- 
piece configuration data, a tool file (14a) for 
storing therein tool configuration data, a cutting 
condition file (13a) for storing therein cutting 

10 condition data for each blank material and for 

each tool, an interactive inputting/editing sec- 
tion (11) which stores product configuration da- 
ta, workpiece configuration data, tool data and 
cutting condition data interactively inputted 

15 from the display device (31) and the inputting 

device (32) in the product configuration data 
storage section (12), the workpiece configura- 
tion data storage section (1 5), the tool file (1 4a) 
andthecutting condition file (13a), respectively, 

20 upon reception of the inputted data to allow for 

edit of the data stored in the product configura- 
tion data storage section (12), the workpiece 
configuration data storage section (1 5), the tool 
file (1 4a) and the cutting condition file (1 3a) and 

25 generates programming base data on the basis 

of the data stored in the product configuration 
data storage section (12), the workpiece con- 
figuration data storage section (15), the tool file 
(14a) and the cutting condition file (13a), an NC 

30 program converting section (16) which creates 

an NC program on the basis of the program- 
ming base data generated by the interactive in- 
putting/editing section (1 1 ), and an NC program 
storage section (17) for storing therein the NC 

35 program; and 

a simulation section (20) comprising an image 
data generating section (21) which reads the 
NC program from the NC program storage sec- 
tion (17) for successively analyzing execution 

40 blocks of the NC program and successively 

generates pixel data indicative of a tool config- 
uration and a workpiece configuration for the 
respective execution blocks, and a graphic sec- 
tion (25) which displays the tool configuration 

45 and the workpiece configuration on the display 

device (31) on the basis of the pixel data gen- 
erated by the image data generating section 
(21); 

50 wherein the display device (31 ) and the input- 

ting device (32) constitutes afunctional section hav- 
ing a coordinate inputting function to input a coor- 
dinate position on a screen image displayed on the 
display device (31); 

55 wherein the image data generating section 

(21) generates image data including pixel data up- 
dated from pixel data generated at the end of each 
machining process and process specification infor- 



ms on ; PLLC - iittp://www.sughrue,com 



15 



EP 1 189 123 A2 



16 



mation specifying the corresponding machining 
process; 

wherein thesimulation section (20) comprises 
a data edittransition section (29) which receives the 
coordinate position inputted on the screen image 5 
displayed on the display device (31) by means of 
the inputting device (32) and the display device(31 ) 
to detect process specification information related 
to a pixel corresponding to the inputted coordinate 
position on the basis of the inputted coordinate po- 10 
sition and image data generated by the image data 
generating section (21) and serving as the base of 
a currently displayed image and transmits the de- 
tected process specification information to the in- 
teractive inputting/editing section (11) to cause the 15 
interactive inputting/editing section (11) to perform 
a data editing operation for a machining process 
specified by the process specification information 
received by the interactive inputting/editing section 
(11). 20 

2. An automatic programming and simulation appara- 
tus as set forth in claim 1 . 

wherein thesimulation section (20) comprises 
a process image data storage section (27) for stor- 25 
ing therein the image data generated at the end of 
each machining process by the image data gener- 
ating section (21), 

wherein the image data generating section 
(21 ) is operative to store the image data generated 30 
at the end of each machining process in the process 
image data storage section (27), to detect the coor- 
dinate position inputted from the display device (31 ) 
and the inputting device (32), to detect process 
specification information related to a pixel corre- 35 
sponding to the detected coordinate position in im- 
age data serving as the base of a currently dis- 
played image, to read image data generated at the 
end of a machining process precedent to the detect- 
ed machining process from the process image data 40 
storage section (27) to cause the graphic section 
(25) to display the tool configuration and the work- 
piece configuration on the display device (31 ) on the 
basis of the read image data ; and to successively 
re-generate image data for the detected machining 45 
process and machining processes subsequent 
thereto to cause the graphic section (25) to display 
the tool configuration and the workpiece configura- 
tion on the display device (31) on the basis of the 
re-generated image data. 50 



55 
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